The effect of spray application of two plant growth retardants (cycocel and daminozide) on the growth, flowering and amount of essential oils of Calendula officinalis L. was investigated. Combinations of cycocel (CCC) (0, 500, 1000 and 1500 mg/L) and daminozide (B9) (0, 1500, 3000, and 4500 mg/L) was used three times. Plant height, number of flowers per plant, number of leaves per plant, flower dry weight, flower fresh weight, time of flowering and the amount of essential oils per 100 g dried flower were measured. Results showed that the effect of CCC and B9 were significant on the amount of essential oils per 100 g dried flower and plant height (p≤0.01). Also, interaction effects of CCC and B9 were significant on plant height, the number of flowers per plant, number of leaves per plant, flower dry weight and the amount of essential oils per 100 g dried flower. The lowest plant height (30.67 cm), the largest number of flowers per plant (3.33), the highest number of leaves (6.67), and the highest amount of essential oils per 100 g dried flower (0.159 mL) were observed in 500 mg/L CCC + 4500 mg/L B9, 500 mg/L CCC + 1500 mg/L B-9, 500 mg/L CCC + 1500 mg/L B9 and 1500 mg/L CCC + 1500 mg/L B9, respectively.
INTRODUCTION
Calendula officinalis L. (Asteraceae) is an annual, aromatic, medicinal and ornamental herb with yellow and orange flowers, native to Mediterranean region (Gazim et al., 2008) . The composite flowers blossom in the springsummer seasons for three times per year (Gilman and Howe, 1999; Omidbaighi, 2005) . The northern part of Iran (Guilan province), contain low light density; the vegetative growth of C. officinalis L. is long which resulted in lost of its nice (Lotfi, 2006) . Effective materials of C. officinalis L. flowers are synthesized and store in an orange petals. The best time for harvesting of flowers is before seed *Corresponding author. E-mail: davoodhashemabadi@yahoo.com. formation (Omidbaigi, 2005) . Plant growth retardants in ornamental plants are commonly applied to limiting stem elongation and produce a more compact, sturdy potted and bedding plants without changing developmental patterns or evoke phytotoxic effects (Tayama et al., 1992; Bhat et al., 2011) . Therefore, they are widely used for height control in floriculture (Pasian, 1999) . Plant growth retardant may also increase the number of lateral shoots, resulting in a larger number of inflorescences (Whealy et al., 1988; Keever and Foster, 1989) . Growth retardants, such as CCC and B9 are successfully used to obtain higher quality yield and control of quality and quantity characters in many plant species (Hayashi et al., 2001; Karlovic et al., 2004; Kazaz et al., 2010; Lodeta et al., 2010) .
To counteract excessive stem elongation, plant growth retardants like CCC and B9 are usually used (Sachs and Hackett, 1972; Larson, 1985; Messinger and Holcomb, 1986; Bailey and Whipker, 1998) . These compounds which are the largest group of growth regulators in floriculture and horticulture industry, can delay cell division and elongation of plant aerial parts as well restrict gibberellins biosynthesis, resulted in reduces internodes length and vegetative growth (Catchey, 1964; Sanderson, 1973; Cosgrove and Sovonick-Dunford, 1989; Magnitskiy et al., 2006) . Growth retardants also enhance stress tolerance, green color of the foliar and postharvest longevity (Latimer, 2001; Kahar, 2008; Chutichudet et al., 2011; Sharma et al., 2011) . Type of species and cultivar, time and method of application, concentration and type of target organ as well physiological and environmental conditions are some important factors affecting the influence of growth retardants on plants (Holcomb and White, 1970; Pobudkiewicz and Nowak, 1994; James et al., 1999; Khangoli, 2001; Hojjati et al., 2009) . CCC and B9 are applied as foliar spray and drench (Shekari et al., 2004) . Optimal concentration of CCC and B9 is different between various species (Holcomb and White, 1970) .
Proper doses need to be assessed because they can either inhibit or promote growth and development depending on amount. Recommended stage and doses for CCC application are 3 to 4 true leaf and 500 to 3000 mg/L (Shekari et al., 2004) . Adding CCC and B9 has also proven to be effective in controlling growth of some other plants (Holcomb and White, 1970; Karlovic et al., 2004; Rossini et al., 2005; Al-Khassawneh et al., 2006; Leclerc et al., 2006; Hojjati et al., 2009; Lodeta et al., 2010) . Kazaz et al. (2010) showed that B9 significantly affected days to flower, stem length, flower number and chlorophyll content. Shorter plants are more attractive and easier to handle during marketing and planting. Also, the plants containing more essential oils are more important for medicinal industries. Thus, this study aimed to evaluate the interaction effect of different concentrations of CCC and B9 on plant height, flower quality and the amount of essential oils in C. officinalis L., and assessment of the best concentration of these two growth retardants.
MATERIALS AND METHODS
Seeds of C. officinalis L. were prepared from Pakan Bazr Company (Isfahan, Iran). Investigation was carried out on experimental field in Rasht city located in the northern part of Iran (N 37°14 ʹ and S 48°49 ʹ; mean annual rainfall, 1359 mm; mean annual temperature, 15.9°C; mean annual relative humidity, 81.9%; mean annual sunlight radiation, 1621 h). Seeds were sown in pots filled with 20% coco peat, 20% manure, 20% garden soil and 40% sand on November 2010. The plantlets containing four leaves were sprayed with a foliar application at rate of 500, 1000 and 1500 mg/L CCC and 1500, 3000 and 4500 mg/L B9. Visual observations were recorded throughout the experiments. Plant height, leaf number, flowers number, fresh and dry weight of flowers and flowering time were recorded at regular intervals. Plant height (from crown to the top), was measured by ruler. Flower fresh weight was determined Hashemabadi et al. 1753 after removing the flowers with the help of a digital balance (0.01 g).
To obtain the flower dry weight, they were dried in an oven at 40°C for 48 h. Dry matter percentage was computed as follows:
Also, leaf and flower number and flowering time were counted. To obtain the plant, dry weight were cut from crown and dried at 105°C for 24 h. For determination of the essential oil, the plant materials (flowers) were dried in 45°C for 6 h. The essential oi l was obtained in a Clevenger apparatus by steam distillation. Thus, the 50 g of dried plant materials was extracted with 1000 ml of water. The water collected was re-extracted with 0.5 ml hexane. The essence and hexane was separated from water physically and weighted until the plant essence was obtained. The experimental design was a randomized completely blocks design (RCBD) in a factorial arrangement of treatments containing of four CCC concentrations (C0, 0; C1, 500; C2, 1000 and C3, 1500 mg/L × four B9 concentrations (D0, 0; D1, 1500; D2, 3000 and D3, 4500 mg/L) × sixteen treatments totally × three replications, 48 plots). Data were subjected to analysis of variance (ANOVA) using SPSS statistical software. Mean comparison were carried out by employing Duncan's Multiple Range test at α = 5%.
RESULTS
The overall results of the effects of CCC and B9 on plant height, leaf number, flower number, fresh and dry weight of flowers and flowering time are summarized in Table 1 . Based on analysis of variance (Table 2) , the effect of CCC and B9 on the plant height and the content of petal essence, also the interaction effect of CCC and B9 on the plant height was significant at 0.01 level of probability. The interaction effect of CCC and B9 on the number of flower/plant, number of leaf/plant, flower dry weight and the content of petal essence was significant at 0.05 level of probability ( (Table 1) . Spraying plants with CCC and B9 at suitable concentration had significant effect on the number of leaves per plant. In this study, the interaction effect of CCC and B9 on flower dry matter was significant. The flower dry matter in control plants (6.68%) was higher than those under different concentrations of CCC and B9 (Table 1 ). The effect of CCC and B9 on flower fresh weight was no significant (Table 2) . But, flower fresh weight was increased in line with increasing CCC and B9 concentrations (Table 1) . Days to flowering were not significantly affected by CCC and B9. Least days to flowering (105 days) was seen in control plants (Table 1) . Days to flowering were delayed under all concentrations of CCC and B9 (Table 1) . Control plants flowered 20 days earlier than that of other plants treated with different concentrations of CCC and B9 (Table 1 ). The content of essential oils per 100 g dry matter was affected by plant growth retardants (CCC and B9). The maximum contents of the flowers essential oils were obtained in plants sprayed with 1500 mg/L CCC and 1500 mg/L B9 (0.159 mL/100 g dry flower), followed by plants sprayed with 1500 mg/L CCC (0.150 mL/100 g dry flower) and 4500 mg/L B9 (0.145 mL/100 g dry flower) concentrations (Table 1) .
DISCUSSION
Reduction of the shoot growth of many ornamental plants is obtained by the use of plant growth retardants (Warner and Erwin, 2003; Lodeta et al., 2010) . Both the risk of lodging in plants with very long stems and their requirement of more space, labor and higher transport costs increase the importance of plant height control in the production of ornamental plants (Larson, 1985; Hayashi et al., 2001; Karlovic et al., 2004; Kazaz et al., 2010) . The high number of flowers both affects the crop appearance and attracts the attention of consumers (Kazaz et al., 2010) . Foliar spray and soil drench are common and effective application methods of growth retardants in ornamental plants (Pobudkiewicz and Treder, 2006) . Plant growth retardants decrease the internodes length and eliminate the apical dominance (Khangoli, 2001; Lee et al., 1999) . CCC and B9 are the important plant growth retardants. Some of the most important factors concerning plant growth retardants are type, time, number, application method and concentration of growth retardant (Cramer and Bridgen, 1998) . The application of CCC and B9 have been shown to reduce the plant height and flowering in a number of plant species such as Epidendrum radicans, Zinnia elegans, Chrysanthemum, Poinsettia and Erysimum marshallii (Lewis et al., 2004; Pateli et al., 2004; Pinto et al., 2005; El-Mokadem and Hadia, 2008; Lodeta et al., 2010) . Decreasing the plant height by CCC was also observed in many other species (Olivera and Browning, 1993; Garner, 2004; Karlovic et al., 2004; Rossini et al., 2005; Hashemabadi and Zarchini, 2010) . Karlovic et al. (2004) reported decreasing height in chrysanthemum by 2000, 3000 and 4000 mg/L CCC. Hashemabadi and Zarchini (2010) showed that the least stem length (29.93 cm) was obtained by using 1500 mg/L CCC in rose 'Poison', while the stem length was 35.7 cm in control plants. These researchers showed a significant decrease in stem length under CCC application. Saffari et al. (2004) sprayed the Rosa damascena with CCC and revealed that 3000 mg/L CCC decreased stem length about 5 cm relative to control. Studies of Karlsson et al. (1992) on Begonia × tuberhybrida showed that the CCC (500 mg/L) resulted in 23% shorter plants than the control plants 15 weeks after transplanting. Increased application rates did not positively impact plant development when compared to the lower rates used in the study. CCC (1000 and 2000 mg/L) decreased Zinnia plant height (Hojjati et al., 2009) .
Studies on several ornamental plants revealed that the maximum concentration of CCC for reduction of plant height is 1500 mg/L (Cathey, 1975; Schwartz et al., 1985; Hedayat, 2001; Joyce et al., 2004) . Current study conforms to these studies. B9 is a very popular shoot growth inhibitor, which inhibits gibberellins biosynthesis (Brown et al., 1997; Marosz and Matysiak, 2005) . B9 has been used to control the heights of many plant species (Luoranen et al., 2002; Pateli et al., 2004; Duck et al., 2004; Lodeta et al., 2010) . Gibson and Whipker (2003) showed that B9 at 5000 mg/L used together with chlormequat chloride was effective, although a single foliar application of B9 at concentration up to 10,000 mg/L was ineffective in controlling the height of Osteospermum plants. Lewis et al. (2004) observed decreases in poinsettia plant height as the concentrations of foliar applied chlormequat chloride and B9 were increased up to 1500 and 4000 mg/L, respectively, but the interaction between these retardants depend on the cultivar. Thus, the influence of chlormequat chloride and B9 and other growth retardants and their interaction on plant height depends on the applied concentrations, species and cultivars (Lodeta et al., 2010) . However, the studies of Bhat et al. (2011) on growth and flowering of E. marshallii showed that the plant height was decreased by the CCC application but B9 application was not effective in decreasing the plant height.
The fresh and dry weight of roots, stems and leaves was decreased by the spray application of both CCC and B9. CCC application did not show any effect on the flowering and number of laterals, but B9 decreased the flowering yield and number of laterals (Bhat et al., 2011) . Gregov (1992) , Velmurugan and Vadivel (2003) and Kazaz et al. (2010) showed that B9 significantly affected days to flowering, stem length and flower numbers per stem of Chrysanthemum morifolium 'Ramat'. Days to flowering were slightly delayed, the number of flowers was increased and stem length was reduced approximately 19 cm by B9 application. Shawareb and Orunfleh (1988) , Mahalle et al. (2001) and Kazaz et al. (2010) reported that treatment of chrysanthemum with B9 increased the stem fresh weight and decreased the dry matter content. Other plant growth retardants such as prohexadione-Ca, uniconazole, paclobutrazol, bayleton and daminozide are applied for decreasing the plants growth (Karlsson et al., 1992; Gibson and Whipker, 2003; Bazzocchi and Giorgioni, 2003; Hojjati et al., 2009) . A problem with many growth retardants has been finding an efficient application method that produces consistent results (Barrett et al., 1994; Lodeta et al., 2011) . The effect of plant growth regulators on essential oils has been observed in some species (Rabbi et al., 2011) . These researchers showed that the choosing an appropriate concentration of naphthalene acetic acid and CCC was effective on balanced increasing of essential oils of Pelargonium treated with 40 mg/L naphthalene acetic acid and 500 and 1000 mg/L CCC. Increasing CCC evels caused decreasing of geraniol and linalool and increasing of naphthalene acetic acid caused decreasing of citronelol.
In conclusion, plant growth retardants influence growth and flowering of plants. These compounds are mainly applied for decreasing the plant height of ornamental plants. The application of optimal concentrations of CCC and B9 cause decreasing the plant height, increasing the flower quality and enhancing the amount of essential oils in C. officinalis L.
